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TITLE OF INVENTION 
5 INPUT CIRCUIT FOR RF AMPLIFIER 

CROSS-REFERENCES 

The present application claims the benefit of U.S. Provisional Patent Application Serial 
O 10 No. 60/1 80,798, filed February 7, 2000 in the names of Wilson W. Toy, Christopher 
y\ Yates, Paul Krzeminski, Robert N. Tornoe, Edmund T. Davis and assigned to 

Communication and Power Industries, a Delaware Corporation. 
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U BACKGROUND OF THE INVENTION 

ri 15 Field of the Invention 

Ci The present invention relates to vacuum electron devices (VEDs). More 

particularly, the present invention relates to input circuits for high power RF amplifiers 
which employ VEDs such as Klystrodes, Inductive Output Tubes (IOTs), and the like in 
the television broadcast service. 

20 

The Background Art 

Vacuum tube amplifiers generally include an input circuit having three major 
components: the enclosure, the input resonator, and the socket. The enclosure houses the 
socket and the input resonator to which high voltage connections are made. Not only 
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does the enclosure envelope the circuit, but its function is also to contain radio frequency 
(RF) energy within the RF compartment. 

IOTs have limited life times and must be replaced from time to time. Existing 
5 IOT-based amplifier designs generally require complete removal of the amplifier input 
circuit from the transmitter in order to replace the VED. This process can be 
cumbersome and inconvenient. During tube replacement, electrical contact fingers in the 
socket may be easily damaged due to incorrect alignment. With damage to the contact 
fingers, RF energy may leak from the amplifier. RF leakage can also generate a 
10 substantial amount of heat or arcing which may damage wiring and components. In 
addition, misalignment may also cause RF leakage from the amplifier enclosure due to 
improper seating on an electro magnetic interference (EMI) gasket. 

Even if the input circuit is properly seated, the high voltage leads can couple an 
15 undesirable percentage of the input RF into the transmitter's instrumentation. Due to 
spatial constraints, it is difficult to isolate the RF signals within the enclosure by loading 
it with ferrites (filter components, chokes and bobbins). Consequently, end-users 
currently place such RF isolation components in the transmitter output circuit. Despite 
the ability to combine RF components and high voltage components under the same 
20 cover, the spatial constraint limits the ability to improve the product. Aside from RF 
isolation, high voltage standoff issues make it difficult to incorporate a quick and easily 
accessible connection box. 
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FIG. 1 is an external perspective view of a conventional input circuit and 
enclosure of an amplifier employing a VED in accordance with the prior art. An 
enclosure cover 10 houses a radio frequency (RF) connection and high voltage 
connections to a VED (not shown). An air distribution system comprising a tree 12 and 
5 branches 14 access the VED enclosure through a separate entry 16 from cover 10. 

FIG. 2 is a cross-sectional drawing of an input resonator and socket for a VED in 
accordance with the prior art. The input resonator comprises a parallel LC circuit. The 
inductance is provided by a shorting pin (not shown) located between the cathode 21 and 

□ 10 grid 24 lines. The capacitance is generated by a cathode and grid structure (not shown) 
/*! located in the VED. The input resonator is capacitively tuned such that the structure's 

'3 

Jt'i parallel circuit resonant frequency matches the operational carrier frequency the VED is 

Ci operated at. The cathode 21 and grid 24 lines also serve as socket collets which affix to 

CI their corresponding surfaces on the VED (not shown). The collets transfer the input RF 

□ 15 energy to the input section of the VED. In addition, the cathode line delivers the DC 

□ beam voltage to the VED's cathode. The grid line distributes the bias voltage to the 
VED's grid. The socket is also comprised of a heater collet 25 and a vac-ion 31 contact. 
The heater collet delivers a DC voltage to the VED to provide power needed to operate 
the VED's cathode (not shown) at an elevated temperature. The vac-ion contact 

20 provides a DC voltage required to operate an appendage vacuum pump (not shown) 
located on the VED. 

In operation, an alternating RF voltage is applied between the cathode 21 and grid 
24 lines. The input RF voltage propagates to the input section of the VED (not shown) 
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generating a RF voltage between the VED's grid and cathode (not shown). The VED's 
cathode emits electrons resulting in a bunched (density modulated) electron beam. An 
anode structure (not shown) operating at a high DC beam voltage accelerates the bunched 
beam through the anode's aperture. 

5 

The heater collet 25 is retained to cathode lines 21 and 22 through C-Clips 26 as 
heater collet 25 heats up cathode lines 21 and 22. Mounting screws 27 retain heater 
collet 25 against a high voltage insulator 28. When heater collet 25 needs to be removed 
for maintenance, mounting screws 27 along with C-clips 26 must be disassembled. 
10 Therefore, when a user needs to replace a component of the RF socket that houses the 
heater line, the entire RF socket needs to be completely removed. Such components can 
easily be damaged during assembly or installation of the RF socket. 

Accordingly, a need exists for an improved input circuit for an RF amplifier 
15 providing a high power output which provides a good seat alignment for the VED with an 
EMI gasket to prevent RF leakage, an easy assembly and disassembly mechanism, a 
proper cooling system with RF isolation, and an easy socket interface. 
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BRIEF DESCRIPTION OF THE INVENTION 

A self guiding cover assembly for a vacuum electron device (VED) enclosure has 
a cover, a pair of guide plates, and a pair of guide elements. The cover has a top, a 
5 sidewall, an inside and an outside, and at least one electrical connector disposed on the 
inside of the cover for mating with a VED. The pair of guide plates is disposed on 
opposite sides of the outside of the sidewall of the cover. The guide plates each have a 
track. The pair of guide elements is mounted on opposite sides of the outside of the 
sidewall of the cover. The pair of guide elements each mates with the track. The cover 
p 10 further comprises a breach lock mechanism for seating the VED into the VED enclosure 
Sj having a base. The breach lock mechanism has guide elements mounted on the VED. A 

51 first sleeve is mounted on the base and removably receives the VED. A second sleeve is 

mounted on the base and removably receives the first sleeve. The second sleeve has 
tracks for mating with the guide elements. A rotation of the second sleeve pulls the VED 

PI 

A 15 into the base for seating the VED. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
this Specification, illustrate one or more embodiments of the invention and, together with 
the present description, serve to explain the principles of the invention. 

In the drawings: 

FIG. 1 is a perspective view of a conventional input circuit and enclosure of an 
amplifier employing a VED in accordance with the prior art. 

FIG. 2 is a cross-sectional drawing of a socket for a VED in accordance with the 
prior art. 

FIG. 3 is a perspective view of an input circuit and enclosure of a vacuum 
electron device in accordance with a specific embodiment of the present invention. 

FIG. 4A is a side elevation plan view of a guide plate in accordance with a 
specific embodiment of the present invention. 

FIG. 4B is a side elevation plan view of a self guiding cover for a vacuum 
electron device enclosure in a closed position in accordance with a specific embodiment 
of the present invention. 
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FIG. 4C is a side elevation plan view of a self guiding cover for a vacuum 
electron device enclosure in an open position in accordance with a specific embodiment 
of the present invention. 

FIG. 4D is a side elevation plan view of a self guiding cover for a vacuum 
electron device enclosure in a rotating position in accordance with a specific embodiment 
of the present invention. 

FIG. 4E is a side elevation plan view of a self guiding cover for a vacuum 
electron device enclosure in an open and locked position in accordance with a specific 
embodiment of the present invention. 

FIG. 5A is a side elevation plan view of a guide plate in accordance with an 
alternative specific embodiment of the present invention. 

FIG. 5B is a side elevation plan view of a self guiding cover for a vacuum 
electron device enclosure in a closed position in accordance with an alternative specific 
embodiment of the present invention. 

FIG. 5C is a side elevation plan view of a self guiding cover for a vacuum 
electron device enclosure in an open position in accordance with an alternative specific 
embodiment of the present invention. 
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FIG. 6A is a cross sectional perspective view of a guide plate in contact with a 
vacuum electron device enclosure in accordance with a specific embodiment of the 
present invention. 

FIG. 6B is a cross sectional view of a guide plate in contact with a vacuum 
electron device enclosure in accordance with a specific embodiment of the present 
invention. 

FIG. 7A is a top view of a breach lock mechanism for seating a VED in 
accordance with a specific embodiment of the present invention. 

FIG. 7B is a side plan elevation view of a breach lock mechanism for seating a 
VED in accordance with a specific embodiment of the present invention. 

FIG. 7C is a perspective elevation view of a breach lock mechanism for seating a 
VED in accordance with a specific embodiment of the present invention. 

FIG. 8 is a perspective elevation view of an adapter plate in accordance with a 
specific embodiment of the present invention. 

FIG. 9 is a cross sectional side view of an adapter plate in accordance with a 
specific embodiment of the present invention. 




EIMC-018 

FIG. 10 is a perspective elevation view of a panel and an input circuit of a VED 
enclosure in accordance with a specific embodiment of the present invention. 

FIG. 10A is a top view of an input circuit of VED enclosure in accordance with a 
specific embodiment of the present invention. 

FIG. 10B cross-sectional side plan elevation view of an input circuit of a VED 
enclosure in accordance with a specific embodiment of the present invention. 

FIG. 10C is a perspective view of a panel and an input circuit of a VED enclosure 
in accordance with a specific embodiment of the present invention. 

FIG. 10D is a perspective view of a panel and an input circuit of a VED enclosure 
in accordance with a alternative embodiment of the present invention. 

FIG. 1 1 is a perspective view of a corona shield in accordance with a specific 
embodiment of the present invention. 

FIG. 12A is a cross-sectional perspective view of input circuit socket interface in 
accordance with a specific embodiment of the present invention. 

FIG. 12B is a cross-sectional side view of an input circuit socket interface in 
accordance with a specific embodiment of the present invention. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Embodiments of the present invention are described herein in the context of high 
power RF amplifiers employing vacuum electron devices. Those of ordinary skill in the 
art will realize that the following description of the present invention is illustrative only 
and not intended to be in any way limiting. Other embodiments of the invention will 
readily suggest themselves to such skilled persons having the benefit of this disclosure. 
Reference will now be made in detail to implementations of the present invention as 
illustrated in the accompanying drawings. The same reference numbers will be used 
throughout the drawings and the following description to refer to the same or like parts. 

In the interest of clarity, not all of the routine features of the implementations 
described herein are described. It will of course be appreciated that in the development 
of any such actual implementation, numerous implementation-specific decisions must be 
made to achieve the developer's specific goals, such as compliance with system and 
business-related goals, and these goals will vary from one implementation to another. 
Moreover, it will be appreciated that such a development effort might be complex and 
time-consuming, but would nevertheless be a routine, undertaking of engineering for 
those of ordinary skill in the art having the benefit of this disclosure. 

FIG. 3 is a perspective view of an input circuit and enclosure of a vacuum 
electron device in accordance with a specific embodiment of the present invention. A 
cover 302 houses a radio frequency (RF) connection to a vacuum electron device (VED) 
(not shown), a high voltage connection (not shown), and a radio frequency (RF) 
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compartment (not shown). Cover 302 is seated on top of VED enclosure 304. An RF 
input 306 is connected to the RF connection (not shown) inside cover 302 through the top 
of cover 302. An air input system 308 enters on top of cover 302 to allow air to circulate 
air within cover 302. 

A pair of guide plates 310 and 312 are mounted on VED enclosure 304 and 
opposite to sidewalls 303 and 305 of cover 302. A track 314, slot, or other form of guide 
may be disposed within, through, or on guide plates 310 and 312 for defining a limited 
range of movement of cover 302. Track 314 may preferably be in the shape of an "L" as 
shown. A pair of guide elements, such as a pair of shafts 316, are detachably mounted on 
opposite sides of the outside of sidewalls 303 and 305 of cover 302. The pair of shafts 
316 may be a pair of screws attached to cover 302 with a nut (not shown). The pair of 
shafts 316 engages track 314 of guide plates 310 and 312. The pair of guide plates 310 
and 312 allow cover 302 to restrictively move along track 314. 

The pair of guide plates 310 and 312 allows cover 302 to be aligned during its 
installation and removal. The pair of guide plates supports cover 302 when cover 302 is 
open by allowing the weight of cover 302 to rest on shafts 316. To prevent broken or 
bent contact fingers between cover 302 and VED enclosure 304, track 314 physically 
requires that cover 302 be lifted vertically until cover 302 clears all interfaces. 
Furthermore, cover 302 may rotate 90 degrees followed by a horizontal push to the rear 
to lock in place allowing clearance for VED removal. Different track patterns can be 
used to accommodate transmitters with specific constraints. In addition, other 




12 



EIMC-018 

mechanical systems, such as gas struts, springs and rotary/linear actuators can be 
implemented to assist and/or automate the system. 

FIG. 4A is a side elevation step view of a guide plate 402 in accordance with a 
specific embodiment of the present invention. Guide plate 402 contains a track 404 
defining the range of movement for cover 302 of FIG. 3. Track 404 is in the form of an 
"L" shape allowing cover 302 to move horizontally and vertically within the defined path 
of track 404. A switch mechanism 406 mounted on the bottom of guide plate 402 may be 
employed to interrupt power to the high voltage connection preferably by sending a 
signal to a controller. Switch mechanism 406 may be in the form of an interlock 
mounting having a sensor 408, such as a tongue, for detecting the closed position of 
cover 302; when cover 302 is properly seated on VED enclosure 304 (closed position), 
one of the shafts 314 comes into contact with sensor 408 changing the state of switch 406 
indicating closure. Thus, when cover 302 is lifted from its closed position, switch 
mechanism 406 changes state again indicating that cover 302 is open and that power 
should be interrupted to the high voltage connection. 

FIG. 4B is a side elevation step view of a guide plate and a cover for a vacuum 
electron device enclosure in a closed position in accordance with a specific embodiment 
20 of the present invention. A cover 400 is in a closed position and is seated on a VED 
enclosure (not shown). Shafts 410 and 412 are disposed inside track 404. Shaft 412 
comes into contact with sensor 408. The pressure applied on sensor 408 by shaft 412 
changes the state of switch 406 to indicate that power should be applied to the high 
voltage connection. 
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FIG. 4C is a side elevation plan view of a guide plate and a cover for a vacuum 
electron device enclosure in an open position in accordance with a specific embodiment 
of the present invention. Cover 400 is in an open position as it separates from the VED 
enclosure (not shown). Pair of shafts 410 and 412 moves along track 404 as cover 400 is 
lifted. Because shaft 412 no longer applies pressure on sensor 408, switch mechanism 
406 interrupts power to the high voltage connection. 

FIG. 4D is a side elevation plan view of a guide plate and a cover for a vacuum 
electron device enclosure in a rotating position in accordance with a specific embodiment 
of the present invention. As cover 400 rotates about guide plate 402, shafts 410 and 412 
follow the "L" shaped path of track 404. Shafts 410 and 412 transition from a vertical 
path portion to a horizontal path portion causes cover 400 to rotate 90 degrees. 

FIG. 4E is a side elevation, plan view of a guide plate and a cover for a vacuum 
electron device enclosure in an open and locked position in accordance with a specific 
embodiment of the present invention. As shafts 410 and 412 slide into a horizontal 
position within track 404, cover 400 stands in a vertical position above the VED 
enclosure. Cover 400 may be rested in a rested vertical position through the use of a 
notch 414 at the end of track 404. Notch 414 allows latch 410 to rest and therefore 
immobilizing cover 400. A horizontal push of cover 400 locks it in place. 
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FIG. 5A is a side elevation plan view of a guide plate in accordance with an 
alternative specific embodiment of the present invention. A guide plate 500 has a slot 
track 502 having an opening 504 at the top end of track 502. 

For transmitters with different vertical clearance requirements, an alternate track 
pattern or guide system can be used. By replacing the L-shaped track with an open slot 
as illustrated in FIG. 5 A, a cover can be completely removed from the transmitter but it 
will still require a vertical lift. 

FIG. 5B is a side elevation plan view of a guide plate and cover for a vacuum 
electron device enclosure in a closed position in accordance with an alternative specific 
embodiment of the present invention. A cover 500 is in a closed position and is seated on 
a VED enclosure (not shown). Shafts 506 and 508 are disposed inside track 502. Shaft 
412 comes into contact with sensor 408. The pressure applied on sensor 408 by shaft 412 
controls power to the high voltage connection. 

FIG. 5C is a side elevation plan view of a guide plate and cover for a vacuum 
electron device enclosure in an open position in accordance with an alternative specific 
embodiment of the present invention. Cover 500 is lifted away from the VED enclosure. 
Opening 504 allows cover 500 to be completely removed. Because sensor 408 does not 
detect shaft 508, power to high voltage connection is interrupted. 

FIG. 6A is a cross sectional perspective view of a guide plate in contact with a 
vacuum electron device enclosure in accordance with a specific embodiment of the 
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present invention. To accommodate those transmitters with reduced vertical clearance, 
the interface between a cover and a guide plate is interchangeable. As illustrated in FIG. 
6A, the components may interface with either system (FIG. 4A and FIG. 5 A). Each side 
of a cover 600 consists of a pair of bearing axles 602, a Teflon slip plate 604, and a guide 
plate 606. Bearing axles 602, including a bearing 608, such as a flanged composite or 
metal bearing, and a shoulder crew 610, are mounted with inserts 612 that mechanically 
reinforce cover 600. Teflon slip plate 610 may be placed between guide plate 606 and 
cover 608 to prevent galling, binding and cocking. 

FIG. 6B is a cross sectional view of a guide plate in contact with a vacuum 
electron device enclosure in accordance with a specific embodiment of the present 
invention. FIG. 6B illustrates the connected interface between the cover and the guide 
plate. 

Other ways of aligning the cover may be a system of guideposts and eyebolts or 
slots, a frame mounted on the hardware, a hinge system that allows rotation to either side 
of the transmitter (if there is sufficient clearance), or a system to pivot the whole cover 
out of the transmitter. 

FIG. 7A is a top view of a breach lock mechanism in an open position in 
accordance with a specific embodiment of the present invention. FIG. 7B is a side plan 
elevation view of a breach lock mechanism in an open position in accordance with a 
specific embodiment of the present invention. FIG. 7C is a perspective view of a breach 
lock mechanism for a VED. A VED 702 is seated into a VED enclosure 704 having a 
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cavity. VED enclosure 704 may be in the shape of a round hollow cylinder having an 
opening 706 on one end. VED 702 has several pins 708 mounted on its exterior surface 
near opening 706 (only one pin 708 is shown in FIG. 7B). A support plate 710 having an 
opening 712, removably receives VED enclosure 704. 

A vertical guide assembly 713 is mounted on support plate 710 around opening 
712. Vertical guide assembly 713 is preferably a hollow cylinder having slots 715 
disposed transversally around its edge. The slots have one open end directed away from 
support plate 710. The width of slots 715 is suitable for mating with pins 708. The 
movement of pins 708 is constrained by the shape of slots 715. Therefore, pins 708 can 
only move within the defined linear shape of slots 715 once they mate with slots 715. 

A sleeve 714 sits on support plate 710 around opening 712 such that sleeve 714 
can rotate around vertical guide assembly 713. The diameter of sleeve 714 is larger than 
the diameter of vertical guide assembly such that sleeve 714 embraces vertical guide 
assembly 713. Sleeve 714 has several slots (only one slot 716 is shown in FIG. 7B) for 
receiving the pins. For example, in FIG. 7B, slot 716 receives pin 708. Slot 716 has an 
opening 718, a middle portion 720, and a terminus 722. Opening 718 is located at the 
entrance of slot 716. Middle portion 720 is slanted and declines away from the entrance 
of slot 716. Terminus 722 has a notch declining towards the entrance of slot 716. 

Sleeve 714 is connected to a handle 724 opposite to opening 712. Handle 724 can 
rotate about opening 712 between two end positions. When handle 724 rotates around 
VED 702, sleeve 714 rotates around vertical guide assembly 713. Pin 708 is restricted to 
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move within slot 716. In particular, pin 708 enters through opening 718, middle portion 
720, and terminus 722. When pin 708 reaches middle portion 720, it must follow the 
slanted path that declines away from opening 718. Furthermore, pin 708 is restricted to a 
path movement defined by slots 715. For example, when handle 724 rotates, pin 708 is 
actually engaged with both vertical assembly 713 and slots 715. As handle 724 rotates, 
pin 708 is con trained to the space defined by the intersection of slot 716 and slot 715. 
This results in lowering or raising VED 702 into VED enclosure 704. When VED 702 is 
lowered by rotating handle 724, VED 702 is seated and sealed onto VED enclosure 704. 
When pin 708 reaches terminus 722, handle 724 reaches a locked position. 

FIG. 8 is a perspective elevation view of an adapter plate in accordance with a 
specific embodiment of the present invention. FIG. 9 is a cross sectional side view of an 
adapter plate in accordance with a specific embodiment of the present invention. As 
illustrated in FIG. 3, cover 302 is seated on top of VED enclosure 304. An adapter plate 
902 is used to divide VED enclosure 304 and provides an intimate seal for air and RF. 
Adapter plate 902 has an opening 904 for receiving a VED such that the exterior surface 
of the VED is in continuous contact with the surface defining opening 904. 

Adapter plate 802 seals VED enclosure 304 from the bottom (not shown). In 
FIG.9, plate 802 has a seal that consists of two parts: a sponge cord 906 and a finger 
stock 908. Sponge cord 906 is fed into finger stock 908, and both are placed into a 
groove 810/910 located continuously around the outer perimeter of adapter plate 802. 
Finger stock 908 is formed of a conductive material and forms a continuous contact 
between an enclosure wall 912 inside VED enclosure 304 and the outer perimeter of 
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adapter place 802. When adapter plate 802 is placed within enclosure wall of VED 
enclosure 304, finger stock 908 are compressed against the sponge cord, consequently 
providing an air tight seal with a positive ground contact 914. Such interface requires 
low compressive force and also allows for manufacturing variance. For example, copper 
bristle/brush seals and canted coil-springs with sponge core are alternatives. A separate 
composite brush seal or o-ring can also be incorporated into the design. Adapter plate 
802 allows vertical height variance while maintaining contact and RF seal. 

FIG. 10 is a perspective elevation view of an input circuit of a VED enclosure in 
accordance with a specific embodiment of the present invention. A cover 1002 has two 
chambers 1004 and 1006. Chamber 1004 forms a portion of an enclosure for a VED. 
Chamber 1006 encloses a high voltage circuit for the VED and is connected to an air 
input system 1008 (not shown). Both chambers 1004 and 1006 are separated by a panel 
lOlOthat allows air to circulate while RF is isolated. FIG. 10A is a top view of an input 
circuit of VED enclosure in accordance with a specific embodiment of the present 
invention. FIG. 10B cross-sectional side plan elevation view of an input circuit of a VED 
enclosure in accordance with a specific embodiment of the present invention. Chamber 
1004 is connected to an RF input 1012. 

RF isolation is first accomplished using absorbing materials, such as tiles 1013 
mounted on a flat surface within chamber 1004. Further isolation is accomplished by a 
partition on which panel 1010 also known as "honeycomb" or "waveguide beyond 
cutoff EMI vent is mounted. Panel 1010 allows air to flow while cutting off RF from 
chamber 1004. Another purpose for panel 1010 is easy access for high voltage 
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connection in chamber 1006. For example, panel 1008 can be mounted either with 
fasteners 1012 as illustrated in FIG. 10C, or with a quick-release system using keyhole 
slots 1014 as illustrated in FIG. 10D. 

Chamber 1006 has holes 1016 to feed high voltage wires through thus minimizing 
the amount of RF entering chamber 1006. Within chamber 1004, additional RF isolation 
components, such as filters, chokes, bobbins and ferrites, can be installed to sufficiently 
minimize RF coupling to the high voltage cables. Air input system 1008 provides an air 
flow distribution within chamber 1006 and chamber 1004 sufficient for cooling 
components within both chambers. 

FIG. 1 1 is a perspective view of a corona shield in accordance with a specific 
embodiment of the present invention. To remove a corona shield 1100 component of a 
VED in the conventional socket interface as illustrated in FIG. 2, screws 30 must be 
removed. Such task may be difficult as it leads to more reassembling complication. The 
present design only requires loosening fasteners 1 102 around corona shield 1 100 and 
rotating corona shield 1 100. This eliminates positioning and reinserting screws 30. An 
L-shaped track 1104 starting at an opening 1106 guides the movement of corona shield 
1 100 with respect to fasteners 1 102. When fasteners 1102 become loose, corona shield 
1 100 can rotate along track 1 104 until it reaches the end corner of track 1 104. To 
completely remove corona shield 1 100, corona shield 1 100 may be pulled away. 

FIGS. 12 A and 12B illustrate cross-sectional side views of an input circuit socket 
interface in accordance with a specific embodiment of the present invention. 
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An outer cathode line 1202 in the shape of a hollow cylinder formed of a 
conductive material has a VED connection end 1204. A contact block 1206 is removably 
positioned within outer cathode line 1202. Contact block 1206 has an inner cathode 
contact 1208, a heater contact 1210, and a vacuum ion pump contact 1212. Contact block 
1206 also has a threaded stem 1214 extending towards VED connection end 1204 of 
outer cathode line 1202. Vacuum ion pump contact 1212 is located at the end of threaded 
stem 1214. 

An inner cathode line 1216 comprising a hollow cylinder formed of a conductive 
material and a support plate 1218 is removably positioned within outer cathode line 1202. 
Support plate 1218 is positioned transversely inside of inner cathode contact line 1216. 
An opening 1220 in the center of support plate 1218 removably receives threaded stem 
1214. 



A heater contact line 1222 having internal threads and hex for easy removal is 
coupled to inner cathode line 1216. Heater contact line 1222 has a threaded hollow 
cylinder 1224 having a flange 1226 on its exterior. Threaded stem 1214 receives 
threaded hollow cylinder 1224 such that heater contact line 1222 is in contact with heater 
contact 1210. Flange 1226 is in contact with support plate 1218. Inner cathode line 1216 
is held in position against contact block 1206. Heater contact line 1222 has threads 1228 
near the VED connection. Threads 1228 are used for applying torque to heater contact 
line 1222 using a tool. 
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This new configuration allows all parts to be easily accessible by removing heater 
contact line 1222 with a simple tool. Heater contact line 1222 is fastened to contact 
block 1206 with screw threads 1228 and holds inner cathode line 1216 in place. As a 
result, inner cathode line 1216 with filter components 1230 attached can be removed. 
Filter components 1230 are mounted with an electrically nonconductive standoff, i.e. 
ceramic or nylon, and connected to an outer cathode line contact 1232 and an inner 
cathode line contact 1234 with contact fingers. Contact block 1206 also uses fingers to 
contact inner cathode line 1216 and heater contact line 1222. For the heater contact line 
1222, a wave washer or a plate washer with a tab for mounting may be used for contact. 
Contact block 1206 may be mounted to outer cathode line 1202 using flat-head screws 
1230 radially inward. Screws 1230 are oriented that way instead of on the top of outer 
cathode line 1202 to avoid improper seating of a high voltage blocker 1232 to outer 
cathode line 1202. Vacuum ion pump contact 1212 may be mounted onto contact block 
1206 via fasteners and modified to receive heater contact line 1222 as illustrated in FIG. 
13. 

While embodiments and applications of this invention have been shown and 
described, it would be apparent to those skilled in the art having the benefit of this 
disclosure that many more modifications than mentioned above are possible without 
departing from the inventive concepts herein. The invention, therefore, is not to be 
restricted except in the spirit of the appended claims. 
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